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*- • /^rs T s concerned witti 
The present Invention i ^^^^^ function 

oharacterl.atlon ^^^i^ (dsKNAl) and 

using double -"^f ^^^^ .sponsible «r inducing a ^ 
methods of i^-^^'y^"^'^^,! la a metliod of assigning 

specific phsnotype in a eel . 

function to Icnown g^ne ^^^^^^^^^ ^.^ure Vol 391, 

- .as recently -n^^^^^ucing d.uble , 

pp.S06-all, February 93 th^^^^^ ^^^^^^ 

stranded OTA mto a ce ^^^^^^n of endogenous 

specific interfere^nce "^^^ "^^^^f,„nce is 

1 „ -the cell and -atiicli mteri -Ather ENA 

genes in the c _.,^_^i.ve than providing either 

substantially more antisanse 
strand individually " ^^"^^^^^^...^ of the activity 
technology. ^'^^^/^""'^^^ ^^cur in the nematode . 
of the gene was also '"-"^ , „hen the BKA 

. „orm caenorbabditis eleg^ns ( - 

introduced into the genome or bo y 

worm. >.?*ve utilized th^is 

The present ^^^^^l^^^^, devise novel and 
techhigue and functions to genes or 

inventive ^.te been sequenced in various . 

DMA fragments, wnic the human genome , 

p..,ec.s, suc^-as, for ^^^f^;^ ^,,,,,ed a pa..i-la. 

functxon and for. phenotype. 

for conferring a P^^^^^^^%/ ^.^^^ aspect of the 

^^:r/;;!;p;oviae. a ...^ of - / 

present inventxon ^^"^".^"/^^^ conferring a pl^enotpe 
identifying DNA resp^^^^^ . constructing a 

in a ceX. w.iC ^J-^;^^^^^^^ said ceXX in V: 

. cDNA or genomic Ix^r ry ^ers capable, of ■••.^ 

^ suitable vector between two pr . -.^ 
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promoting transcription of said cDNA or DNA to double 
stranded (ds) RNA upon binding of an appropriate 
transcription factor to said promoters, b) introducing 
said library into one or more of said cells comprising 
said transcription factor, and c) identifying and 
isolating a de'sired phenotype of said cell comprising 
said library and identifying the DNA or cDNA fragment 
from said library responsible for conferring said 
phenotype.' Preferably said cell is derived from or 
contained in an organism. 

In a preferred embodiment of the invention the 
library may be organised into hierarchical pools prior 
to step b) such as to include, for example, gene 
families. 

15 According to a further aspect of. the invention 

there is also provided a method of assigning function 
to a known DNA sequence which method comprises 
a) identifying a homologue(s) of said DNA in a cell, b) 
isolating the relevant DNA homologue(s) or a fragment 

20 " thereof from said cell, c) cloning said homologue or 
fragment into an appropriate vector between two 
promoters capable of promoting transcription of dsENA 
upon binding of an appropriate transcription factor to 
said promoters, d) introducing said vector into said 

25 cell from step a) comprising said transcription 

factor, and e) identifying the phenotype of said cell 

compared to wild type- 

The cell according to the invention may be 
derived from or contained in an organism. Where the 

30 cell is contained within an organism, the organism may 
be adapted to express the appropriate transcription 
factor,. The organism may be any of a plant, animal, 
fungus or yeast but preferably may be the nematode 
worm C. elegans, which may be any of a wild type, a 

35 nuc-1 or pha-ts mutant of C. elegans or a combination 



of said mutations. In an alternative embodiment the 
DNA or cDNA library or the DNA homologue or fragment 
thereof may, advantageously, be transfected or 
transformed into a microorganism, such as a bacterial 
or yeast cell, which may be fed to the organism, which 
is prefetably the nematode worm C. elegrails. In this 
embodiment of the invention the microorganism may be 
adapted to express the appropriate transcription, 
factor. Preferably, the microorganism is coli. 

in each .aspect of the invention, preferably said 
library or said DNA homologue or DNA fragment is 
constructed in a suitable DNA vector which comprises a 
sequence of nucleotides which encode said 
trknscription factor. Alternatively, said 
transcription factor is encoded by a further vector. . 
Alternatively, the cell or organism may have been 
mutated to express said transcription factor. 
Preferably, the vector used in the method according to 
the invention comprises a selectable marker. 
Preferably, the selectable marker comprises a 
nucleotide sequence encoding sup-3 5 or a fragment 
thereof which sequence is located between two 
prolaoters on said vector capable of expressing dsRNA 
upon binding of an appropriate transcription factor to 
said promoters , and which, marker is selectable when 
contained in a pha-1 mutant C. elegans. Preferably, 
the promoters are T7 promoters. 

compounds can, . advantageously , in said method be 
added to said ceil or organism for the purposes. of 
screening for desired pkenotypes, such as for example, 
resistance or sensitivity to the compound when 
■ compared t6 wild type: The promoters are preferably 
inducible. The transcription factor may in some 
embodiments b^ phage derived, such as for example, a . 
T7 polymerase driven by a phage .promoter- However, 



when C . elegans is utilised a worm . specif ic promoter 
can be used. Preferably,* the E. coll strain is an 
KNAselll and even more preferably an RNase negative 
strain. 

The, present invention also includes a method of 
validating clones identified in yeast two hybrid 
vector experiments which experiments are well known to 
those skilled in the art and which experiments were 
first proposed by Chien et al • (1991) to detect 
piroteiri - protein interactions. The method according 
to the invention comprises providing a construct 
including .the DNA encoding a protein identified in a 
two hybrid vector experiment, which construct is such 
that said DNA is provided between two promoters 
capable of promoting transcription of said DNA to 
double stranded RNA upon binding of an appropriate 
transcription factor to said promoters, transforming a 
cell, such as a bacterial cell or alternatively 
transforming an organism comprising said transcription 
factor with said construct and identifying a 
phenotypic change in said cell or organism, which may 
be C. alegfans or the like, compared to wild type. 
Pxeferably, the transcription factor is inducible in 
the cell or organism. Preferably, the promoter is a 
phage polymerase promoter and said transcription 
factor is a RNA polymerase, and preferably T7 
polymerases. Also encompassed with the scope of the 
present invention are vectors used to transform said 
cells or organisms and the cells or organisms 
themselves. 

- In a further aispect of . the present invention 
there is provided a method of alleviating pest 
infestation of plants,, which method comprises, a) 
identifying a DNA sequence from said pest which is 
critical either for its survival, growth. 



prollferatioh or reproduction, b). olon>.ng . said 

Lquence from step a, ox a frag»e,.t ^ J _ 

suitable vector between two promoters capable of 

-w^^ said secnience to EHA or dsEHA upon 
trahscrxbinq saxd sequanc . factor to said 

binding pf an appropriate transcrxptxon factor 
promoters, and d, introducing said vector .nto tbe 

^'"'^Tbus, advantageously, the method acco=.ding to the 

- 4-^^,na-rlv selective mechanism 
invention provides a partxcularly sel ^ 

for alleviating pest infestation, ahd xn some cas s 
zor «aiJ. „i^„^.c. such that when the 

parasitic infestation of plants, such. ^^^^^^^^ 

-. ■!■»- wi ll digest the expressea 

T^est feeds on the plant it wiix oJ-y 

in the Plant thus inhibiting ^l^'^'-^:' 
the DNA Which is critical for its growth survival, 
proliferation or reproduction. In a preferred 
I^oliment, t.e p.st may ba any of -V-"--- J/^^ ^ 
Radopholus ssp., Ehadinapbelenchus ssp., Heterodera 

Rbtylenchulus ssp., Pratylenchus ssp., 
rex;;olaiIus ssp., Cnian^s ssp. , «.loidogyne ssp. , 
Olobodera s.p . , Kacobbu^ ssp . , Ditylenohus ssp ^ ^ 
Xphelenchoides ssp., Hirschmertniella ssp., Anguxna 
SSP , Hoplolaimus ssp.. Eel iotylenchus ssp., 
r 'l^emellassp xiphinemassp. . Longidorus ssp., 
Crrconemallassp . , ^ ^^^^ . , ^phelenchs 

irxcncjLiL^i. ^ i-h&reof according 

ccr^- The DNA sequence or fragment thereox . 
:rthirLpect orthe mvention may be ^cloned between 
two tissue specific promoters, such as two root 

"^^f :u":rrs;ect o* the invention concerns the 
.actot Tsed in eaL of the methods of the inv-.- 

-J Tn'>.^a-rv Which vector comprises 
for constructing said ^^'^^ ^^ey are 
two identical promoters oriented s ^ ,e 

' capable of initiating" transcription of DNA gu 

capaj=>xe a- ^ r^crrjKA upon bxndrng 

located between said promoters to "i^^'^^P 

of an appropriate transcription factor to saxd 



promoters. Preferably, the expression vector 
comprises a nucleotide sequence encoding a selectable 
marker. In one embodiment the nucleotide sequence 
encoding said selectable marker is located between two 
identical promoters oriented such that they are 
capable of initiating transcription. of DNA located 
between said promoters to double stranded RNA upon 
binding of an appiropriate transcription factor to said 
promoters. Preferably, the selectable marker 
comprises a nucleotide sequence encoding sup-35, for 
introduction into C. elegajis having a pha-1 mutation. 

Prefer-ably, the transcription factor comprises 
either a phage polymerase which binds to its 
corresponding promoter or a C. elega^s specific 
promoter and even more preferably T7 polymerase. 
Preferably, the vector includes a multiple cloning 
site between said ideniiical promoters. 

In a further aspect of the invention there is 
provided an expression vector for expressing an 
appropriate transcription factor for use in a method 
according, to the invention which vector comprises a 
sequence of nucleotides encoding said transcription 
factor operably linked to suitable expression control 
sequences. Preferably, the expression control 
sequences include promoters which are inducible, 
constitutive, general or tissue specific promoters, or 
combinations thereof. Preferably, the transcription 
■factor comprises a phage, polymerase,' and preferably 
T7 RNA- polymerase. . ^ ' 

■A further aspect of the invention provides a 
selection system for identifying transformation of a 
cell or organism with a. vector according to claim . 3 8 
which system comprises a vector according to claim 3 8 
wherein said selectable marker coir^rises a nucleotide 
sequence capable of inhibiting or preventing 
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• <==,nri cell or organism wHicti 
expr.,s.on cf a gan ^^^^^^ ^ phenotype 

gene Is responsible ror . ^ ^ p^^t of or 

preferably said nucleotide " 
!den««l .o said ,en4 171^ i.s.lf 

pl^enotype, and ^'^'^'^ .'^^''^^.^^S^^rs capabl^ of 
Xocat.d between -° -^-"J^^,,, .^.„.ed hS^ upon 
initiating °'„„,,,iption factor 

binding of an ^^^^^ ^'Z.Z.i^ sequence 
thereto. Mternatxvely, the n 

co*pris.s a nucleotide se^snoe „h ch s^^^P^ ^ 

identical to said ^^- --f/^^J^, „,,eh is sn,h, 

phenotype on saxd cell or g 

that following ^"-f^fj "^^.rl^.oso.. of said 
horologes "--"^-^tn^^L.e . inhibits expression of 
cell or organism ^ ?^ phenotype . 

said gene seguenoe -"^^^^^ J ,^,diment the 
Preferably, according to this ,,«lci^t 

-, .^ecruen&e comprises s-cop 

nucleotide sequen nucleotide sequence 

,o prevent ^^^^^^^ .^omosoae'. 

following integratxon into sa , 3,p_35 

P.e.er..ly ^ ^^J^ ::r.. i. selectable 
gene or a fragment ttiereo temperature above 

identifying offspring growing ^^^^^^^,3^3 mutant 
25 = C following introduction m a pha 1 etl 

C elegans worm. r^io?^T-lv 

.he present invention may ^J^J^^^:^^, p,„,^ 
^ P. v,^ t-He following eicamples whicn a 
understood ^^^^^/^^^^.^ accompanying figures, 

exemplary witli referenc 



wherein: 



^-F i-Kiasmid PGNl in 
1 is a nucleotide sequence of plasmia 
Figure 1 XS a nuc present invention. 

accordance wirn i^ne f 



e of plasmid PGNIOO 



35 



o is a nucleotide sequenc 
Figure 2 IS a nu present inventxon. 

in accordance with the pre 
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Figure 3 



is a schematic representation of the" vectors 
used and the tiransf iormation regime used in 
the methods according to the present 
invention. 



Figure 4 is an illustr.ation of the expression vector 

used in accordance with the invention. 



( 
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Figure 5 



is a schematic illustration of the T7 RNA 
polymerase expression vectors used for 
transforming C. elegans . 



Figure 6 is an illustration of plasmid PGNl. 
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Figure 7 



is a diagrammatic representation of an 
enhanced vector for dsRNA inhibition 
encoding ■ sup- 3 5 dsRNA, 



20 



25 



30 



35 



Figure 8 



is an illustration of a vector for 
integration into the genome of C. eleg-aji^ 



EXAJCPLE A: Construction o-f an ordered and 
hierarchical pooled cDNA library and applications 
thereof. 

A rand om ordered and -pooled librarvr 
The vector is an j^. cdli vector harboring two T7 
promoters, with a multiple cloning site (MCS) in 
between. The two promoters are orientated towards 
each other, and towards the MCS.' In the presence of 
T7 RNA polymerase, expressed in E. cgli , C. elBgans or 
any other organism,. RNA will be produced, starting 
from the two T^ promoters. As these are oriented in 
the opposite sense, both strands of RNA will be 
produced from the DNA inserted (cloned) into, the MCS 



generation -t-Hereto 

of the T7 BHA constructed in the 

. ^ C. el.^a.s com 1-^"^.^/^^^,,,, techniques, 
^cs using standard ^iecular h-X g 

The library is transfor^d ^""^^^^ .^ored in 

resulting . • -li are gr^^ ^^^^^^ oan 

'"^t^L^l.^Id . i; s6-^Xti-weXX pX^t^^^ _ 
be iscrl-ated ana s . caZl colonies, 

corresponding to -those of ^ .^^ ^^is 

.pproxi..tely 100 , 000 5 ti-es the 

„,y, the library wiH Jl^ e. eXegans, which 

total expressed CDKA -7"^^;\^,3,3,a sequences to 
gives the opportunity for . in 

be present. in the library. ^^^^ plates are 

approxirSately -""^^^J^^ . .or the present 

hierarchical pooled as n ^ ^^^^^ ,o 

pooling of the per . or 12 _ 

100. If the hie.».chica P^ 96_„ell plates have a 
(nu^ers are more --^^"^^ m approximately : 87 

8 to 12 grihd) , this will 3352 „ells. I,f 

„nxti-well Plates -.^appro-^^^^^^^^^ ^ 

rchj^cal PO=-g^ approximately H P-t- and 
plate, this res _^ , ^ . .. ^t ; any stage of the 

approximately ^°"j;'^tasmid -n. b. Isolated. 

^i.r«ehi.caX ,s Xess pl^tes are used, 

„Hlch would be xess eXabo, aXthough this 

but will result^m a los ^ ^^^^ . The 

should not b^ the case in t J . ^e 

pooling of the DNK can aXso.b 

original BHA- _ describe how the 

-The experiments beXow de^ ^^^^^ 

^.rerarc^icaX pooling s , 
DNA and for the E- 



An ordered library for RKAi technology, harboring 
every gene of. the c. elegans genome, vith 
applications thereof 

As the genome-seguencing project is coming to an 
end, -this information can be used in the T7 RNA 
inhibition technology.. ..Every gene of thelc. elegans 
genoiae can -be cloned using .PGR technology.. . .Jn.. 
preference, exohs -will be cloned with a minimal length 
of SOObp. ^If the -axons are too small, smaller 
fragi5ents.will. be isolated . with PGR, or even .parts of 
introns and rieaghboring axons will be isolated with 
PGR technology so that at least a sufficient part of 
the translated region of the gene, is cloned. For 
this, at least 170Q0 PGR reactions. need to .be ' 
performed. This collection of pgr products will he 
cloned in a T7 vector as ^described (two T7 promoters 
oriented towards each other with .a - multiple, cloning 
site in Between.) . " Every PGR .product -will be cloned 
independently or can be^-used.to generate a Random 
library,- analogous to the described cDNA library.' if 
■every 'E^R po^duct is -cloned individually, the-, 
resulting .bacteria and plasmid . DNA can be pooled ...in 
v^ious ^v^aysi '^First of .all this collection of - 
individuals gloried PGR products . in -.the 17 BNAi , vector 
can Be^pdci.le^.%tandomly , .as described , in the .random 
library,-^but -this. -pooling can also be : done in a more 
rational way.. For instance, the genes of the^c, 
Ble^ans genome can- be analyzed, using bioinf ormatic 
tools (in silico biology) . . Vairious genes of the 
genoiae will belong to a gene . family , or will have 
homology ds in the .genome. These members of .the gene 
family will be pooled, or the members, being, 
homologues will be pooled. In this way the total 
number of about 17000 clones is reduced to a more " 
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- - > r^^n be usad. to' Screen 

This library can oe 
useable cjuantity . ^^^^^s according to the 

invention. The-resul, ^ ^^^.^^ ^r gene „ 

description to the gene or , 

■ bo.olog.es o. ^;;;;t/ery gene in the geno.e tbxs 
consists of a part °. genome xn . 

method enables . this the double 

functionai-ph^notypxc ' .^^.oduced in the 

- \^c.r\ R fTR- (dsRNA) needs t:o » pooled 
strand^dHRHA ^ clones alone, or P 

•Tbis introduction nboling can 

Mforra. Thxs -i ^T^r,a or rational pooi-L^y 

K^lna random pooling or 
clones, being r described, 
be a6hieved in several way 

the expression of double 
-. ' «^ a vector for tne v 
Example of a ve 



stranded RNAi 



\ 



25 



30 



3.5 



. a T7 promoter may.be used, 

^y.. vector site Ctlxere . are 

and which contains a multiP ^^^^^ .,,,^aining the 

' . - - ^~niv available;- 
many commercicxliy .^^^ with the reverse . 

^7 promoter and a primer^ appropriate ,e^as 

complementary strand, bot ^^^.iai.ed, and . if 

are designed. ^"^^^^ .^ctor of choice. The 
well designed, clone - . 
minimal sequence for a T P^^^^^^^ ,,,tor can. be 

^AAT1.CGACTCACTKTA^<^GCGA^ ^ expression vectpr^ 

used for the; ^^^^^ ^^W .to achieve tbis w.th 
there follows ah example 

t^e vector P^-^^/; .^'^^^^oMKGA) was digested with. 
_ vector pGEM-3Zf (+) 

Hindlll and SAlI ^^^^ together at a f xnal 

_ primers oGNl and oGN2 w ^^^^^d down 

- * 1 ,/a/30 Lil boiiea <?■ 

concentration of 1 P-^l 

■ siowly'to room ^"^^^^''^''''^^j^^o the vector using 

. The primer was ^^^^^^^^^^ resulting vector is 

standard ligation procedures. 



II 



1 - 

1 
I 
I 
t 
t 

1 
1 
I 

.1 
•1 



1 

\ 



, ^ in Ficmre 1) and contains two T7 .promoters 
pGNl (shovm in Figure x; „„i4-^Tnle 
Liented towards each other, and harbors a multiple 

cloning, site , in between, 
sequences of oGNl and oGN2 are: 

^ ^ »/^m ^nr- TAT" AGG GCG AGA J^GC 11 

- oGNlr AGC TGT AAT ACG ACT CAC TAT AGG G _ . 

TCT CGC CCT ATA GTG AGT CGT ATT AC 
-.oGN2: TCG AAA GCJ. i'-J- >- 

' . ' Exampl. of the oonstruotion o£ a -llbr.ry 

T^X may be isolated frci, every .organism that . is 
sensitive to I^KAi . In general the isolated RHA xs then 
: :::: into dou^le stranded cOH., ^^^^^^ 
prepared in suitable vectors -^"-"^l ^"^""^^ 

pro!^nres eiclst .and molecular biology l^^ts can be 

^ 4= ^™ ^ar-tous firms including .promega, 
purchased from various ti etc which enable: 

clontech, boehringer. Mannheim, BRL, etc whi 

- isolation of RNA, • 

- eventually p^lyA feNA can be isolated (several 

- teohnigues and kits available) .. . . - 

- first strand -synthesis with AMV reverse..^ , 
transcriptase, random hexameric primers and/or 
oligo(dT) - -primer - 

- second stxahd synthesis witH Rnase H, DNA 
PolymeiraseXr " 

- flush ends «ith T4 DNA Polymerase 

. - addition of. an adaptor with X4 BKA ligase^ 

- eventually treatment with. T4 polynucleotxde K.nase 

- cloning of the cDNA- into the vector . 

.J.- ,«iv+-iTre can be considered 
The resulting ligation mixtiire can . ^ 

.s the CKA library, .he ligation -contains all ...A of 

^ ^« li crated into the vector of interest, 
the procedure ligatea int 

TO. order the library, ,the ligatiox^ need to be 
transformed .into fJ. coJJ. strain s - 
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1 • r^— nwa. library 
«-F this B. coll Oa<.D«A X . 
. Application of tuis 

_ T7 RNA producing p-oinpT [ lon]tisdS (r-p- ; 

- standard strain is BL2 (OE ) . ^^^J^^^^^ Variants 
and coZl B strain) X D ).^^ .^^^^ ^^^^^^^^^3 ,3, 
Bi:21 (DE3) can be usea, 

used. • ■ ■„ which produces the T7 KNA 

^ V r.olL strain whicn p 
- ^-^^^^^.^^iA^ needs to be 

polymerase, wflich -may b -^^^ ^^^j,,^ easily. 

constructed. ^-;^^^ns coLercially available, 
using a phage, ^^^^^ (provided by Promega) . 

this case we will use tn trahsfected with. 

•p <-ali strain can ds.v,. 
Almost every B . polymerase. 

this phage and will 

- a imAselll mutant E. ^.^^^^ available, we chose 
_ various strains are in P ^^^.^.^301-105: rna-19, 
in a first experiment to - ^^^^^^^^ ^.poTl, 
3,0-lX, bio-3, gdhA., '.^^^ ,enet 12.:53) 

xaetBl. • (Kinder et al. 1 ^^^^^^ ^^^^ strain ...will . 
tut ott.er strains, may sui ^ ^^^ucing -.var.iant 

.e infected -with^XC^e ^ ^^^^^^s we will .;, 

,i,l be --^-^^rt; Jes .or other strains, if 
look at the possibilities - 

seems necessary. grown on the .. 

- Wild.type C. ^^^^^.^^^^ " a Ts expressing the..T7 BS-" 

bacteria P-^-"-^^^ " ^^f/^r large quantities . of dsBHA 

-, ™^-rase This resul-ts in larg h ,.ff^se in 

polymerase. elegans , which will diffus 

the gut of the i^ibition of - - 

the organism a:nd results ^ ^. ^^^^^^ _ ^^^^ library can 
expression (as reported P ^ ^^^^^^ phenotyp.fS. 

now be used for ^^^^^^^^ ^ a.tect relevant 

..is is :-^-<^^--:;;;^^:^an the Known C. elegan. 
genes in certain P^^^"^^^' interesting phenotype is 
. technology. Moreover, 1 . ^ ^^oned easily- . 

found, the responsible gene ^an b 
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using the hierarchical pooling one can easily f xnd xn 
a second screen the relevant clone of the pool. The 
inserted DNA of this clone can be seguenced. Thxs 
experiment results- in genetic and biochemical UKTA xn 

5 one step . ' ' . , • 4->, 

- Wild type C. Blegans strain can be combined with 
compounds, screening for phenotype, drug resistance 
and or drug sensibility, ■ 

- The C. ele^ans strain Can be a mutant strain, 
10 screening for- an enhanced phenotype, reduced 

phenotype , - or a new phenotype - . 

- The C. elegans strain can be a mutant strain, and 
the -library screen, can be combined with compounds. So 
one can -screen for drug resistance, drug sensibxlxty, 

15 enhanced phenotype, reduced phenotype, or • a new . 

' phenotype. ■ ' . ' 

- The E. coll strain may be any .T7 RNA polymerase 

L • T-ivo nT71 fDE3) but the formation 
expressing straxn, like BL2i tur,jj . . 

of double strand RNA may be enhanced by using , a . . 
20 speoial. aolx. strain that is RNAselll - negatxve . . 
RNAselir -recognises specific loops in dsRNA. 
Eventually-,- an E. coll strain can be used, that xs 
deleted -^m..>other RNAses than : RNAselll or an. colx 
can be used that is- deleted in one or more RNAses. 
25 - The expression of the T7 .UNA .polymerase xn most 
known S.--cdli strains and c<?nstructs that are , . 
available to ' generate T7 RNA. polymerase producxng E. 
coll strains -mostly comprise; an .inducible promoter . 
This way the. production of the,..T7 BNA polymerase xs 
3 0 regvrlated, and thus the production of the dsRNA. 

. Advantageously, this feature can be used to "pulse 
. feed the C. elegans worms at specific stages of 
'growth. The worms are growx. on the non-induced E. 
• coll strains . . Whex. the worm, has reached the stage of 
35 interest, the- T7-^A prod^ct^ion in the. bacterD^a xs 
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induced. -This allows th.e studying of the function of 
any gene at any point in the life cycle of the animal. 

Screening the library for ho'mologues of putative 
interesting human geneS/ and assign function to 
these genes 

Hundred-S of genes have been isolated in various 
'"'"prb^ebtrsT'-t^^g' genomic pro j ects^ differential 

expressed arirays, hybridization studies; etc^ -^^^.^ 
- described cDNA library can provide a.^way to validate 
and or assign function to these genes in a-'fast and • 
efficient manner. First of all the worm homplogue or 
hoinolpgues or the genes need to be identified by 
bioinformatic tools (in silico biology). PCR primers 
are developed and the. cDNA fragment is isolated using 
PCR technology . - -PGR' can be performed on the 
hierarchical pools. The positive pool or individual 
wells harboring the bacteria- that has. the .appropriate 
cDNA 'is fed to C. elegansr* and " the phenotype is scored. 

"pgr can be performe.d on; cDNA isolated from C. 
Blegrans. The resulting* DNA can be. cloned in the T7 
vector and transformed in the dsRNA producing E. coll, 
on which the C, el egans • worms are thexi fed. Depending 
on which way is faster and more reliable a choice 
needs'- -to- -be -made. 

If the gene belongs to a gene ..family , the worm 
may need to be fed on a mixture ox bacteria. Each of 
them harboring a part ,of the member of the gene- 

family- 
's, coll strains, growth conditions, combinations 

with compounds can be performed as described above. 

.If the '^library rational is used, in which all the 

genes of C. Blegasis are cloned in a organized and 

structured way, the C. elegran^ homologue and . 



eventually the other tioinologues , prthologues , and 
members of the gene family can be traoed back easily 
in the library using in silico biology- No PGR is 
involved in this step, and the bacteria and or DNA can 
be isolated on which the worm will be grown. 



ExamiDles 



The idea of the series of experiments is to test 
both the RNAi vector, the various E poll strains^ that 
have been constructed. . ■ ^ . 

1) constnruc-tion af a test plasmid. 

Any cDNA that gives a clear phenotype i,n the worm 
when knocked-out, or used, in a ENAi. experiment can be 
used. ' It is Icnown that unc-22 is a good candidate, 
but a lot of other, genes are possible. We chose for a 
sensitive system that can be used. jLn a later. st,^ge.. 
We tested the. system with sup-35- in -a pha-l 
background. Exon 5 of the sup-3 5 was isolated., by PGR 
and cloned in the T7 promoter vector. pGNl. The 
• resulting vector was designated: pGN2 . pha-l .(e2.123) . 
mutant worms, cannot produce .offspring at temperatures 
higher than 259 c. -This is due. to a .developmerital 
problem in ejmbryogenesis . When sup-r3 5 is knoc^ced-out , 
oir inhibited in this strain, offspring may. grow, at 
this temperature. Combination of pha-l mutant worms, 
and sup-3 5 KNAi is a good system to validate the 
various options . 

" 2) Testing the RNAi using an E. coli strain . 
that produces dsRNA- 

- pGN2 was introduced in E. coli strain BL21(DE3) and 
T7 RNA polymerase was induced with IPTG. c: elf.gans 
worms' (pha-l .(e2123) ) were inoculated on this . 
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bacteria, and grovm at the restricted temperature of 
25'='C. As this mutant is an embryonic mutant at this 
temperature,, no offspring will be observed* If -the 
sup-35 gene is efficiently inhibited by the dsHNA • 

5 present in the E. coll, offspring will be observed, 

- pGN2 was introduced in coll - strain AB301-105 (DE3 ) 
and T7 RNA polymerase was induced with IPTG. C. 
&l^gahs worms (pha-1 -(e212 3) were inoculated on this 
bacteria, and grown" at the restrTcted' temperature of 

:0 25 °C. As this mutant is an embryonic mutant at this 
temperature, no of f-spring will be observed. If the 
sup-35 gene is efficiently inhibited by the dsRNA 
present in the E aoll , offspring will be observed. 

.5 3) Improving the worm strain for better uptake 

of dsRNA, . . 

Before plating the pha-1 C: elegansr on. the E, 
^ Coll strain that produce the double stranded sup-3 5 
RNA. The worm- was mutagenised with EMS (Methane 

0 Sulfonic Acid Ethyl) . * The offspring of this 

mutagenised woirm is than* plated on the bacteria. The 
worm that feed oh this bacteria that gives a larger 
offspring has a mutation that "may be the improvement 
of dsRNA uptake, and can -'be used for further 

c 

5 experiments ^ ' . 

Stable integration of the dsRNA producing vector 
into the genome of the T7 . RNA polymerase 
producing worm 

0 

An E. coll vector can be constructed harboring 
the following- features; Two T7 promoters directed 
towards each other, with a * restriction site or a 
multiple cloning site in between.. Furthermore,, the 
5 vector may contain th^ C. eleg^ans sup35 genomic DN^A, 



engineered in such a way that it contains several 
stopcodons at various intervals, .so that no full 
length protein can be expressed from the sup3 5 genomic 
DNA fragment as .illustrated in Figure 8. Any cDNA or 
cDNA fragment pan be cloned- in the multiple cO-oning 
site between the two T7 promoters. When this. vector 
is introduced in a C. elegans strain . which, expresses 
T7_RNA^olymerase, the ..cDNA- or DNA fragment: cloned 
between the two T7 promoters will be transcribed, 
generating dsRNA from the cloned.f ragment . 

The vector, is -designed to- be .used in pha-1. 
(e2123) mutant worms expressing T7 RNA polymerase. 
The .expression of the T7 RNA polymerase may be . 
constitutive* or regulated, general or tissue specific. 
These pha-1 ■(e2123). worms cannot produce offspring at 
temperatures higher than 2 5 ° C , which is du^- , to-, a 
development problem in embryogenesis . \sfhen ,sup-35 is 
inhibited or knocked-out -in this stain, offspring may 
grow at this ^ temperature . - . ; 

When the vector is introduced .in the worm, the 
vector-, may integrate _.by homologous . rrecombihatiQn. . . 
(Campbell-like integration) * Xt has been -shown .that 
homologous recQmiDinat ion occurs in C \ Bl eqaix^. r y 
although at low frequencies (Plasterk. and G3;penen, 
EMBd J. 11:287-2.90, • 1992) - Homologous recpipbination 
at. th-e sup3S gene will result in a knodc-aufc rof the 
.gene as the two resulting s«p-35 genes will .harbor the 
stopcodons; The resulting warm, aiid its. offspring, if 
this recombina.t.ion happens in the -eggs./ .will have a 
copy of the vector integrated in the genome. This can 
be s_elected as only the worms for .which tlie sup-3 5 has 
been knocked-out will have offspring at temperatures 
higher than 25''G. Furthermore, the xesulting .worm 
will stably produce . double stranded RFA from -the D^BK 
fragment cloned between the two T7 promoters.. -Thxs 



worm can now be considered as a stable transgenic worm 
strain with a reduction of function of the gene, from 
which a fragment has been cloned between the two T7 
promoters. 

The DNA may be delivered to the worm by - several 
techniques, including injection, ballis:tic 
transformation, soaking. in the DNA solution, feeding 
with bacteri-a". New and other methods: that' ih.cr.ease 
the transformation ef f ici'eflcies can" be .con-sri-d'ered. 

The target C, ^l^gans strain may in addition, 
have other mutations than the pha--l (e2123) miUtation, 
and may express other genes than T7 RNA polymerase. 

* * * ■ 

EXAMPLE B: a Yeast two-hybrid-RNAi vector/ with 
applications 

" A' yeast two hybrid vector 'can be constr-ucted . 
harboring the two T7 promoters. The vectors can .be 
designed to replicate both in yeast and in. JET. coji , 
In general. cDNA libraries for the yea^t- two hybrid 
system are made in the -Gal4 of laexA. vectors. The 
library is constructed in vectors having this 
activation domain of one of these genes. A vector can 
easily be constructed that can still • perform in the 
yeast two hybrid screen but which also contains the 
two T7 "promoters orientated "to each other, with a 
cloning site in between. The structure-= of the plasmid 
will then be "backbone, (GAri4-T7) , MCS, T7 , backbone". 
A C\ Blegahs cDNA library constructed -in this vector 
can be used as a standard yeast, two hybrid library in 
an experiment to' isolate interacting proteins with a 
given protein. Once a clone is isolated, the plasmid 
can be introduced in an ^. calx strain ' expr^essing the 
T7 RtTA polymerase, and hence will produce • dsRNA of the 
cloned fragment: The bacteria producing this dsi^A 
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can he fed to the worm and .phenptypes can be scored - 
AS in Example A) , ttiis validation procedure for a • 
newly isolated yeast two hybrid clone is remarkably 
shorter than the standard procedure, which, requires 
5 . PGR. and or^ cloning steps, RNA experiments and pr 

knock-out exp^riJiients . In most cases- isolated clones 
are segiienced first, and on the basis of the sequence, 
a- decision-is:-jiiade'.to- continue with furiJier . 
experiments. In the present invention every isolated 
clone can -easily be . introduced. into -Uie appropriate E. 
calx .and fed to the worm.- Validation is then done by 
phenotype' analysis . - • . 



Examples, of . procedure 



A yeast two hybrid was performed using- a known 
gene as bait -^d the newly constructed library, as the 
" target. = Proteins coded by the clones ,in the target - 
that inteira-ct . with the bait protein, will result in 
20 positive, yeasfc clones expressing .th.e, reporter. .mqlecule . 
such as.tha:t can be observed .by Lac Z staining. -with X- 
gal. The plasmid coding for the target protein, can be 
- isolated directly from the. yeast strain anfi. introduced 
•in E.- aoli^- The E. coll may be a .T7,. RNA polymerase 
25 producing In this case,, double stranded; RUA 

will- be produced from the DNA cloned j,n the multiple 
cloning site -of the vector..- When this dsRNA is fed to 
the worm lining sthie metliods described previp\isly, .the 
gene will be inhibited in the worm, resulting in a 

3 0 particular phenotype. 

-This yeast; two hybrid vector can be used to 

construct an ordered and hderarchically pooled .library 

as described in Example A) . 
, ■ . - A yeast strain could be cooistructed that 
3 5 conditionally produces .T7 ENA polymerase.. . After, yeast 
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the' expression of thfe T7 
tvo. hybrid „a resnXting in ths 

poXyw.rase could he xnduo. . conse^ently 
p„ducUion of ds^A^xh , some evidence .3 

ye=s. couid ^ -te/^, ,eas.; no«.in. is -own 
— I, in yeas.. 

about ttie stabxLxty . 

of a T7 RNA polymerase 

Example c: ^icatipx^s tl^erapf 

producing stxain/ and appJ-^ . . 

■ nan be constructed that 
A C. ele^az.^ straxn. can ^^p.^ssiorv can be 

expresses T7 ^^^^f^^^^:;,, .ould also - be .eclated 

g.neral-and.co.nstxtuti inducible 

under a tissue specxf xc ? ^ promoter that 

a temporal promoT,t=j- ^v,^r>ation of 

5 promoter, or a temp .^eristics or combxnatxon 

^,,^ors one of these char act c. 
characteristics. can be x^^^ ^^^^^^ 

elegant strain. electroporation or as 

by -shooting with partxcles, _Y ^^ ^ plasmid as .. 

.0 af orementio.ned...-by ^-d-^^^ , i.e. a plasmid 

described, in. ^^^^^^^jj^ ,^,^ent or a PCH ^^^f^^ . ^ 
harboring a. ^^-^ p,o!^ters, then dsIO.. of th- 

between two f lanXxng T7 P _ ^^^^ ^^o.^e 

cDNA Pr PCK fragment ^ ^ion of correspondxng . 

,S organism resulting xn ^^^^ efficient 

gene. The. introduced DNA ^^^^^^.^duced Dl^A pan 

transient down ^-"^^"^"^^^^^.^ , vhich'array might 
form an- ^^^^^^^ yjoo^^ou^ or reduction of 
.esult in a more catalytxc ^^^^ ^^^^ ^^^^ ^^t^sale 
30 ^unction phe^otype resulting . in the sa^e 

into the genome of t function 
catalytic -KnocX-out o transmittable . 

^-t-v-oe' but which xs stafixy ^^^^ 
phenotype,v« . ^^^^ or a part ox 

. DNA harbor xng a cur* tinned between 

- Plasmxd uw-f^ . . ^ eleq^ans cloneu. »^ 

■or-R fragment of C ex«y . . 
3 5 an EST. or. an PCR trag 



two T7 promoters as described in Examples A) and B) 
can be introduced in the T7 RNA polymerase worm, by 
standard techniques . Phenotypes can be analysed -DNA 
from an ordered- and pooled library as in Example A) 
can be introduced in the T7 RNA polymerase worm, .by 
standard techniques^ (inject ion, • shooting) . Phenotypes . 
can be analysed- With the hierarchical pool, the 
otigihal "c^ohe 'can be found easily, - 

- The same procedure can be performed with a. mutant 
worm expressing the- T7 RNA polymerase* Screening for 
enhanced, deduced or .-new phenotypes.- . ' 

- The procedure can be used to enable screening. of 
compounds. Screening with either - a ' wil^-type strain or 
a mutant strain for- enhanced or new phenotypes; . 

- The DNA could be introduced in the worm by new 
methods. One of which is the delivery of DNA* by E, 
call^ In this case the. hierarchical pooled library is 
fed to the animal- . To prevent - digestion of the J?, coli 
DNA~ in the gut -of- the nematode, - preferentially a DNAse 
deficient** C. Glegrans. will be used ^ such as.nuc-l.- 
(el392) . This procedure would-be one-of the moS-t 
interesting as- it would be independent of ^ • ■ 
transformation efficiencies of other techniques, and 
generally faster and less labour ious, 

2) Putative enhancements of the method. 

- A vector is designed, so that it harbors the- sup- 3 5 
gDNA or a part of this cDNA, cloned in between two T7 
promoters ., The rest of the vector is as .descrribed in 
Examples A) and B) . This vector can be introduced into 
a pha-lts mutant C . elegrans . a. temperatiare. selection 
system. exists in this case and only those warms which 
have taken up the DNA and express the double stranded 
sup-35 RNA will survive at restricted temperatures. 
The liierarchieal pooled library can be delivered, by 
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any method described above. . . - 

- The vector can be used to construct a library that 
is introduced in a T7 RNA polymerase expressing. E. 
coll.- Hn this case we have an analogous • screening as 

cio-reienina for worms where 
in part A) with an additional screening 

the dsRNA of sup-3 5.is active. • 

- The DNA and or dsI^A of sup-35 could be delivered on 
a different plasmid. For the feeding, both DNA. feeding 
(Example C) or dsimA feeding-Example A) and B) ,..thJ-S 
means that the two plasmids could be present m one 
bacterium,, or that the worm, is fed on a mixture of 
bacteria, one of which harbors the sup-3 5 construct. 

T 

Example of the construction of a T7 RNA producing 
*C. elegans . 

TO produce T7 IINA polymerase in the worm, s.everal 
pos3ibilities are possible. The .T7 polymerase can be 
expressed under various promoters, being inducible 
promoters, constitutive promoters, general prompters 
and tissue (cell) specific promoters, or cdmbixxations 
of those. Examples of these promoters are tba .. .. 
heatshoclc promoter hsp^l6, the, gut promoter ges 1, the 
promoter from cet858 , but also the . promoter.- pf d^^7.^ ^ 

. .. T 4. r-ivrai In this example the 1/ 

and" the -promoter element GATAl. m xuij. 

RNA polymerase is expr.essed under the. control pf the 
l.sp-16 promoter that is available in the pPD49.78. 
vector. The T7 RNA polymerase is " isolated as a PCR . 
product using the primer^ of GN3 an GN4 . . . 

The resulting PCR product is digested, with Nhel 
and Ncol, as is the vector in which we want to clone, 

- •. . ■ . r^-DOAQ 78 The resulting vector 

being the. Fire vector pPD49.78. xn 

is pGNlOO illustrated in Figure 2 oGN3 : CAT GGC AG^ 
ATG AAC ACG ATT AAC ATC GC oGN4 : ATG- GCO CCA TGG TTA 
CGG GAA CGC GAA GTC CG pGNlOO is included. • .. 
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The "vector is introduced into the worm using 
standard techniques, like micro injection. 



The 



following strains were then constructed 
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-Wild-type (pGNlQO) 
-nuc-1 {ei392> (pGNlOO) 

-pha-1 (e2l23? tpGI^lOO) 

-pha-l; nuc-1 IpGNlOO) ' ' ' 

' ' ' - ■ 

All of these strains are able to produce. RNA 
polymerase when temperature induced or alternatively 
by metals such as application of heavy. cadmium or 
mercury.- The procedure for temperature induction xs to 
shift the animal to 30-3300 for at least- one -.hour , 
then the animal can be shifted back to standard 
temperatures ( 15^25 °G) . . - 

-The. wild type strain producing T7 RNA polymerase 
can be used for the. production of any RNA in.the worm. 
More -specifically,, the plasmids from the described 
libraries- can. be introduced in these worms, ?nd 
phenotypes can be scored. 

- -The nuc.-.l mutant, worm will, be used to ..i^t^od^^ce 
DNA via . bacteria on which , the worm feed. .As the nuc-1 
-worm does not^digest ■ the DNA, the plasmid D.^^ .can 
cross the gut^waliv:_lf takerL_up..by, the -^^^-If^.that 
produce the. T7 .RNA polymerase, - dsBNA.. will be .produced 
thus inhibiting .the gene..- from wl^.ich the. RNA .was 

transcribed . - . 

The pha-1 mutant -strain that, produced ^ T7 RNA 
polymerase can be used to enh.ance the procedures as 
described above, DNA .can introduced by shooting, 
micro injection or feeding.. More . specif icai3.y .this 
strain can be used for the vector? that, prodxape. dsRNA 
from sup-35 and-from the. gene, of interest, .. the later 



^T^uA or a library as 
pan be a PGR product, a cDHA, 



described. ^^tant producing T7 BNA 

Pba-l; "J delivery o. 

polymerase, can be plas.id ..a. 

the DNA. DNA wxH prefe ^ ^^^^ 

produce dsBNA-froxn preferentially produce 

interest. The v^orm ^^^^^"^^ Delivery will . 

the TT-RNA polymerase "^ ^^ the worm on bacteria 

. prker-^ialTy Ixappen by feed g . 

harboring the plasmxd. . 

. .'on of the HNAi technology in plants 
Appli-cation of -tn- 



,^ a large part of tbe 
K..a«d.. are responsible t 



0 



and more partrcux^. - 
damage inflicted on ^^^"^^ industry. The RNAx 

pxants used in the ^^^^^^^^nvention cah be applied 
procedures according to ^^^^.^ nematodes from 

to- plants to prevent thes^ P^^^^ ^ fragment is 

feeding- longer. In a xx nematode that is 

isolated fiom .the P^^f growth, or to 

critical for ^^^^^^^^ .^.^ from which the 

feed or to prolxferate J^^.^^^^^ ^^is purpose. 

expression is essentxal ^^^^ 

- part Of this the influence of 

,,i. ONA fra^ent can b^^^ ^^^^^^^^^^ ^ eif xc 

a tissue specxf xc p between two root 

promoter even more prefer^^ Y^^^^ ^^^^^^ ^^,,3, 

specific P--^;;;-^^,, specif i. promoter can be 
the control of the r .^^^^est, using plant 

introduced in the plant ^^^^ .parasitic nematode, 

transgenics required and likewise 

a <ii^^-^r\'^ ! ' ce a different promoter wxll be 
for every plant race. 



needed . 



J5 



^' ^ -RNA or dsRNA from the 

The root will produce RNA o 



introduced piece of DNA when root specific promoter i 
utilised. As the nematode feeds on the plant, the RNA 
and/or dsRNA will be consumed or lngested by the 
nematode. The RNA and/ or dsRNA can enter .the cells of 
the nematode ■ and perform its inhibitory . action on the 
target DNA. Depending on the nature of -the cloned DNA 
piece of worm, .the .nematode will not be able to 
survive, to eat,., proliferate, etc in any . case 
Tpireventing-tlie ^animal of feeding longer, on the plant, 
and thus protecting the plant. 
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..fving DNA responsxble for 
3. A method of xdentxfyxng _ ^ ^^.^^ 
. . -Darticular ptienotype xn a ce 
conferrxng a parrx , 

method comprises genomic library of 

. cons-trmc-tmg a cun . ^„ .between two 

^> ,T a suitable vector ^ 

DHA:of said cell xn a ^^^3,,iption of saxd 

,.o.P.ers <ds) KH. upon binding 

of an appropjrxare 

promoters,. library intp bn^ or. more o 

introducing saxd . f ^ctd^. and 

r-*:.ils comprising scix ^ ^^,T-ticular 
said cells t eolating a pari:-!^^ 

v.,.F cjaid cell comprxsxuy "Library 
pnenotypa ^^^^ fro. 

responsible xo-l 

-I *T*T>t<=>Trein said 

library i= organised into , , . , 

step tt) . 

^ • . . of assigning function, to a Known 

3 A method or assxg 

-v. m*=-l-hod camprxses 



se<Tuence in a cell, ^ ^^^^^ DNA homol6gue(s) or a 
"~b) isolating the rex 

fragment thereof fragment, intp an 

cloning saxd ^^^^^f ^^^.^^rs capable of 

r,.-iate vector between two p ^^ing of an 

approprxate v ^ elsRN^ bxndxng 

promoting trans crxptxon. ^ _ ^ ^. said promoters , 

r..-iate transcriptxon factor ^ . ^^^^ 

approprxate ^ id vector . xnto-saxQ 

introducxng saxc v ^^r^tor. and 

d) ^^^^ . +.^-,nscriP't3--on factor, .., . . 
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e) 



ri:s;n:^r;;eno.y.eo.s..... 



compared to wild type, _ ' - _ 

4. A method aeGording to -any of claims 1 to 3 
whexein said cell is coh-tained in an organism. 

5. A metftod " according to claim 4 wherein said 
org^Lnism is adapted to express said transcription 

f abat or > * ; *r - ' ' • - - ■ . - i - ^ 

'■ ■ . ■ 

6. A method ■actodxng : to claim f4 : or . 5. Wherein 
said organism comprises a plant, animal , fungus 
bacteria ' of - yea^t '^artd Ipf erablyo-the:?nematode worm C . 

exegrajis- * ' ■ . ■ 

! . ■ - . r -^'^ .)•■ .'-•5'^ / ^ ? "t -t ^ . r-. 

.7.' A method -according -to claim ^6 vheifeiii.fsaid * 
brganism is ajiy W a Wild-type ^ -4^- nue-?L.^ ipltal-ts i • 
mutant of C. e-Iegfans or a -combination thereof ^--.j^ 

8. A method according to any of claims 1 to 3 
wherein ' said DNA- library or said DNA. homologue .or DNA 
fragment is transforiaed in a microorganism for . . 
introduction into an. organism. 

9. A method according to claim 8 wherein said 
mi&fodrganism or said organism is adapted to express 
said transcription factor. ^ 

10 . A method according to claim 9 wherein said 

I 

microorganism is E. coli. 

■ -.'11. A method according to any of claims 1 to 10 
wherein said library or DNA homologue or DNA fragment 
is constructed in a siiitahle DNA vector which 
comprises a sequence of niacleotides which encode said 
traiiscf iption factor: 



12* A method according to any of claims^ 1 .to 10 
wherein said transcription factor is encoded .by -a 
further vector independent of the DNA vector including 
said library or which cell or organism has been 
mutated to express said transcription factor, 

13 . A method according to any preceding claim 
wherein said vector comprises a selectable markfer^ 

14"* A method according to claim 13 wherein said • 
selectable marker comprises a nucleotide sequence . 
capable of inhibiting or preventing expression- of a 
gen^' in said cell or organism and which gene is 
responsible for conferring a known phenotype. 

15 - A method according to claim 14 wherein said 
nucleotide sequence comprises a sequence which is - a 
part of 'or identical to said -gene conferring said 
phenotype,. and which nucleotide sequence is. itself 
located ' between- two. identical promoters capable of 
initiating transcription of double stranded RNA upon 
binding of an appropriate transcription factor, to said 
promoters, 

16. A method according to claim 14 wherein said 
nucleotide sequence is a part of or identical to said 
gene sequence conferring said phenotype, and which 
nucleotide sequence is -such that following integration 
of said vector by homologous recombination in the 
chromosome of said cell or organism said nucleotide 
sequence inhibits expression of said gene sequence 
conferring said phenotype, 

17 - A method according to claim 16 wherein said 
nucleotide sequence comprises stop codons sufficient 



to prevent translation of said nucleotide ' sequence 
following integration into said chromosome. 

18. -. A method according to any of claims 14 to 17 
wherein said known gene sequence comprises asup-3 5 
gene or a fragment thereof which is selectable . by - 
identifying offspring growing at a temperature above 
25°C^ following * introduction in a *pha-l etl23ts mutant 
C elegans worm^. . 

19. A method according to any of .claims 14 to 18 
wherein said promoters are T7 promoters. 

* * * 

■ ■ * • 

.20. A method according to any of claims -1 .to 19 
wherein said :Cell or organism is contacted with a • ■ 
specified compound for screening for=^a desired- 
phenatype, 'such as resistance or ..sensitivity- -to said 
compound when compared to the wild type cell or 
organism-. . ' *• ■ ^ - • — - 

: ■ 21. A method according to any preceding ..claim 
wherein said transcription factor ^is inducible, . 

• ***** 

22. - A . method according to any preceding claim 
wh.erein. .said transcription factor: is a * phage derived 
RNA polymerase, -such as l!7 polymerase. 

23. A method ' according to claim 10 wherein said 
coll strain is an RNAase III, and preferably . an 

RNAase negative stirain. 

* ^ 

- 24. A method of validating , clones identified in. 
yeast two hybrid vector experiments which method 
-comprises 

a) providing a construct including the DNA 
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encoding the protein identified in the two hybrid 
vector experiment, which construct is such that said 
DNA is provided between two promoters capable of 
promoting transcription of said DNA to double stranded 
IRNA upon binding of an appropriate transcription 
factor to said promoters, 

•b) transforming a cell such as a bacterial 
cell, or an organism, comprising said transcription 
factor with said construct, and 

'\ 

c) - identifying a phenotypic change in said cell 
or organism when compared to a wild type, . 

25. A method according to claim 24 wherein said 
transcription factor is inducible in said cell or 
organism. 

26. .A. method according to claim 24 or 25 wherein 
said promoter is a phag^ polymerase promoter and said 
transcription factor is a RNA polymerase/ and 
preferably T7 polymerase, 

27. A method according to any of claims 24 to 26 
wherein said cell is an coli cell. 

28. A method according to any of claims 2 4 to 2 6 
wherein said organism is C, elegans. 

29. ' Plasmid pGNl as illustrated in Figure 1. 

30. Plasmid pGNl.OO as illustrated in Figure 2. 

31- The yeast two hybrid vector plasmid 
illustrated in Figure 4. 

32. A plasmid as illustrated in Figure 7. - 



33* A plasmid as illiistrated in Figure 8. ■ 

• * 

34, 'A DNA or RNA moljacule identifiable or 
obtainable according to the methods of any of claims 1 
to 28. 

35 • A DNA or^RNA molecule according to claim 3 4 
for use as a medicament, 

36. A cell or organism identifiable as 
exhibiting a desired phenotype. according to the method 
of claim 20. 

37. A method of alleviating infestation of plant 
pests, which method comprises 

a) identifying a DNA sequence from said 
pest which is critical for its survival, growth,, 
proliferation or reproduction, 

b) cloning said sequence from step a) or a 
fragment thereof in. a suitable' vector between two 
prpinoters capable of transcribing said sequence to RNA 
or dsRNA upon binding- of an appropriate transcription 
factor to said promoters, and 

c) introducing said vector into the plant. 

38. A method according to claim 37 wherein said 
pest is a nematode worm. 

39. A method according to claim 38 wherein said* 
nematode comprises any of Tylenchulus ssp. Radopholus 
ssp., Rhadinaphelenchus ssp., Heterodera ssp., 
Rqtylenchulus ssp., Pratylenchus ssp., Belonolaimus 
ssp.. Can j anus ssp., Melbidogyne ssp., Globodera ssp., 
Nacobbus ssp,, Ditylenchus ssp., Aphelenchoides ssp.> 
Hirschmenniella ssp. , Anguina ssp., Hoplolaimus ssp.. 



Heliotylenchus ssp. , Crlconemellassp* , Xiphineiaassp . , 
Longidorus ssp. , Trichodorus ssp., Par-atrichodorus 
ssp., Aplielenchs ssp. 

• 40. A method according to claim 3 7 vherein said 
DHA sequence or fragment thereof from step b) is 
cloned between two tissue, preferably root .specific 
promoters . 

41. An expression vector comprising two 
identical promoters oriented such that they are 
capable of initiating transcription of a DNA sequence 
located between said promoters to double stranded RNA 
upon binding of an appropriate transcription factor to 
said promoters. 

-42. An expression vector according to claim 41 
which comprises a nucleotide sequence encoding a- 
selectable marker. . 

s 

43. An expression vector according to claim 42 
wherein said nucleotide sequence is located between 
two identical promoters oriented such that they are 
capable of initiating transcription of DNA located 
between said promoters to double stranded RNA upon 
binding of an appropriate transcription factor to said 
promoters , 

44. An expression vector according to claim 42 
or 4 3 Wherein said selectable marker comprises a 
nucleotide sequence encoding sup-35, for introduction 
into C. elegans having a pha-1' mutation. 

.45. An expression vector for expressing an 
appropriate transcription factor for use in a method 



aocord.ng to any claims .x to 2 6 and 3", to 40 whioh 
vectpr conprlses a .e^.nca of nuolaotlde. .needing 
-axd transcription f actpr operably linked to suitable 
expression control sequences. 

^ expression vector according to claim 45 
wherexn saxd expression ^ control pe<juences include 
pro^oter^ vhich are inducible, constitutive, general 
■ or txssue specific promoters, or combinations thereof 

J 

47. An expression vector according to any of 
Claims 41 to 46 Wherein said , transcription factor 
comprises a phage polymerase, and preferably T7 RKa 
polymerase. . ■' 

48. An organism or cell transformed or 
transfected with a plasmid according to any of claims 
29 to 33 or an expression vector according to any of 
claims 41 to 4 7, • jr '-'j- 

49. An organism according to claim 48, wherein 
said- organism is c. Blegans . 

50. A method of introducing dsRNA or DNA capable 
Of producing dsRNA into an organism which method 
comprises feeding said organism with a suitable 
microorganism comprising an expression " vector 
according to any of claims" 41 to 44 or feeding said 
organism with an expression vector according to any of 
Claims 41 to- 4 4 jr 

- .51. A method according to claim 50 wherein said 
..icroorganisn or said organism is adapted to express 
said transcription factor.- 



52. . A method according to claiia 51 wherein* 
either said microorganism or said organism comprises 
an expression vector according to any of claims 45 to 
47. 

53. A method according to any of claims 50 to 5 
wherein sa^id organism is C. elegans and said 
microorganism is E, call. 

■ 

54. A method according to claim 53 wherein said 
E. aoli strain is an RNAselll negative strain. 

55. A method according to any of claims 50 to 5: 
wherein said organism is a C. elegans nuc-1 mutant 
whien said DNA is fed directly thereto. 

56. A selection system for identifying 
transformation of a cell or organism with a vector 
aecor_ding , to. claim 41 or 42 which:, sy si: em comprises a 
vector according- to claim 41 or 4.2 wherein sa.id- 
selectable marker comprises a nucleotide sequence 
capable of inhibiting or preventing expression of a 
gene in said cell or organism which gene is 
responsible for conferring a known phenotype. 

57. A selection system according to claim 56 
wherein said nucleotide sequence comprises a sequence 
which is a part of or identical to said gene 
conferring said kinown phenotype, and which nucleotide 
•sequence is itself located between two identical 
promoters capable of initiating transcription of 
double stranded RNA upon binding of an appropriate 
transcription factor to said promoters. 

58. . A selection system according to claim 56 



wherein said nucleotide" sequence is a part of ^ or 
identical to said gene sequence which confers a known 
phenotype on said cell or organism, and which is 
nucleatide sequence such that following integration of 
said vector by homologous recoinbination in the 
chr^omosome of said cell or organisxa said sequence 
inhibits expression of said gene sequence conferring 
said known phenotype. 

59. ' A selection system according to claim 58 
wherein said nucleotide sequence comprises s.top codohs 
sufficient to prevent translation of said nucleotide 
sequence following integxation into said chromosbiae- 

60. A selection system according to. claim 5 6 
wherein said known gene sequence comprises a sup- 3 5 
gene or a fragment thereof which is selectable by 
identifying offspring growing at a temperature above 
2 5°c fallowing introduction - in a pha-1 etl2.3ts mutant 
C. elegrans worm. . 

61. A method according to claim 51 wherein said 
transcription factor is T7 RNA polymerase. 
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' pGNl 

gagtgcaGcatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgte^ 

tgttaaaattcgcgttaaatafttgttaaatcagctcatttt^^ 

agaccgagatagggttgagtgttgttccagtttggaacaagagtccactaltaaa 

aaaccgtctatcagggcgatggcccactacgtgaaccatcaGccaaatcaagtt^ 

cggaaecctaaagggagccccGgatttagagcttgacggggaaagccggcgaac^ 

cgaaaggagcgggcgctagggcgctggcaagtgtagcggtcacgctgcgcgt^^ 

cgctacagggcgcgtccattcgccattcaggctgcgcaactgttgggaagggcgatcggtgc^^ 

gctggegaaagggggatgtgrtgeaaggcgattaag^tgggtaacgccagggtmcccagtc 

ccagtgaattgtaatacgactcactatagggcgaattcgagctcggtacccggggatcd:ct^^ 

agtgagtcgtattacagcttgagtattdatagtgtcacGtaaatagcttggcgtaatcatggt 

atccgctGacaattcdaGacaacataGgagccggaagGataaagtgtaaagGCtggggtgcctaatgagtgagctaaa 

aattgcgttgcgctcactgcccgctttGcagtcgggaaacctgtcgtgccagctgcatt^^ 

aggcggtltgcgtattgggcgacttccgcttCGtcgctcactgactcgctgcgGtcggtcgttcgg^ 

GtcaGtcaaaggcggtaatacggttatcGacagaatGaggggataacgcaggaaagaacatgtga 

ggccaggaaccgtaaaaaggccgcgttgGtggcgtttttcgataggctccgGcecGctgacgagcatc 

caagtGagaggtggcgaaacccgacaggactataaagataGcaggcgtttccccctggaagGtccGtcgtgcgctct^ 

cgaccctgCGgGttaccggatacagtccgGCtttcl:cccttcgggaagcgtgg'cgcmGtcatagetcacgctg^ 

gttcggtgtaggtcgttcgctccaagctgggctgtgtgcaGgaaGcccccgttcagccGgaccgctgcgccttatccggta 

tcgtcttgagtccaaGccggtaagacacgaGttatcgccactggGagcagccactggtaacaggattagcagagcgaggtatgt 

^ggcgS^gctacagiagticttgaagtggtggcctaaGtacggctacactagaaggacagtam 

cagttaccttcggaaaaagagttggtagctcttgatccggcaaaGaaaccacGgctggtagcggtggLLLLLLLgLLLgcaagcagc 

agattaGgGgcagaaaaaaaggatGtcaagaagatcctttgatcttttctacggggtctgacgctGagtggaacgaaaac^ 

taagggattttggtcatgagattatcaaaaaggatGttGacctagatccttttaaattaaaaatgaagtttt 

atgagtaaacttggtctgacagttacc^atgcttaatcagtgaggcaGctatctcagcgatctgtGtatttc^ 

gactccccgtcgtgtagataactacgataGgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgct 




caccggctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctcG 
atecagtctattaattgttgccgggaagctagagtaagtagttcgccigttaatagmgcgcaacgttgttggcatt^ 
tegtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttcccaacgatcaaggcgagttac 
caaaaaagcggttagctccttcggtcctccgatcgttgicagaagtaagttggccgcagtgttatc^ctc 
gcataattctcttactgtcatgccatGcgtaagatgcttttctgtgactggtgagtactcaaccaagtc 
ggcgacegagttg(^cttgcccggcgtcaatacgggataatagtgtatgacatagcagaactttaaaagtgcfcatcattggaaaa 
cgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaacccaclcgtgcacccaactgatclt^ 
gcatctmacmcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgecgcaaaaaagggaataagggcgacacg 
gaaatgttgaatactcatartcttccttmeaatattattgaagcamatcagggttattgtctc^tgagcggatacatamg 
ttagaaaaataaacaaataggggttccgcgcacafttccccgaaaag^gceacctgacg1:ctaagaaaccattattat 
. aacctataaaaataggcgtatGacgaggcccmcgtctcgcgcgmdggtgatgacggtgaaaacctctgaGacatg^^^ 
cggagacggtcaeagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggt 

gtcggggctggcttaactatgcggcatcagagcagattgtactga 
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ctagcatgaacaqgattaacatcgctaagaacgactt^ctgacatcgaactggctgctatcGcgttcaacactctgg 

acggtgagcgmagctcgcgaacagttggcccttgagcatgagtcttacgagatgggtgaagcaegcttccgcaagatgtttg 

gc^caacttaaagctggtgaggttgcggataacgctgecgccaagcctctcatcactaccctactccctaagatga^^ 

atcaacgactggfttgaggaagtgaaagetaagcgcggcaagcgcccgacagccttceagrtcctgcaagaaateaa^ 

agcegtagcgtacatcaccattaagaccactctggcttgcclaaccagtgctgacaataGaaecgttcaggctgtagGaagcg 

atcggtcgggccattgaggacgaggetcgctttggtGgtatccgtgaccttgaaigctaagcacttcaagaaaaaGgttgaggaa 

caactcaacaagcgegtagggcacgtGtaGaagaaagcatttatgcaagttgtcgaggctgacatgctct^ 

gtggcgaggcgtggtcttcgtggcataaggaagactctattGatgtaggagtacgctgGatcgagatgGtGattgagtca^cgg 

aatggttagcttacaccgccaaaatgctggcgtagtaggtGaagactctgagactatcgaactcgcacctgaatacgctgaggct 

al^gcaaccGgtgcaggtgcgctggGtggcatctctccgatgttGcaacGttgcgtagttcctcctaagcGgtggaGtggcattac 

tggtggtggctaftgggctaaGggtcgtcgtcctctggcgctggtgcgtaGtcaGagtaagaaagcactgatgcgGtacga^^ 

gtttacatgcetgaggtgtaca^gGgattaacattgcgcaaaadacGgcatggaaaatcaaGaagaaagtGctagcggtcgcc 

aacgtaatcaccaagtggaagcattgtGcggtcgaggacatGGCtgGgattgagcgtgaagaaGtcccgafgaaacGggaaga 

GatcgacatgaatcctgaggctctcaccgcgtggaaacgtgctgccgctgctgtgtaGGgcaaggacagggctGgcaagtctc 

gccgtatcagccttgagtrcatgcttgagcaagcGaataagmgGtaaGGataaggccatctgg^tcccttacaacatggac^ 

gcggtGgtgttla.cgccgtgtGaatgttGaaGGGgGaaggtaacgatatgacca^aggaGtgcttaGgctggGgaaaggtaa^ 

caatcggtaaggaaggttactactggrtgaaaatcGacggtgcaaactgtgcgggtgtGgataaggttccgftGGGtgagcgcat 

GaagttcattgaggaaaaGcacgagaacatGatggcttgcgctaagtGtGcactggagaaGacttggtgggctgagGaagattd: 

GCgttctgcttccttgcgttctgctttgagtacgctggggtacagcaccacggcGtgagctataactgctccGttccgctggGgtttg 

•acgggtbttgGtctggGatccagGacttctcGgGgatgctcGgagatgaggtaggtggtcgGgGggttaaGttgGttcGtagtgag 

accgttcaggaGatGtacgggattgttgctaagaaagtcaacgagattctacaagcagacgcaatcaatgggacGgataacgaa 

gtagttacGgtgaccgatgagaacactggtgaaatctctgagaaagtcaagctgggcactaaggcactggctggtcaatggctg 

gctcacggtgttactcgcagtgtgactaagcgttcagtcatgacgctggcttacgggtGGaaagagttcggcttGcgtcaaGaagt 

gctggaagataGcattGagccagotattgattcGggGaagggtccgatgttcactcagccgaatcaggctgctggatacatggct 

aagGtgatttgggaatctgTgagcgtgacggtggtagctgGggttgaagcaatgaactggcttaagtctgctgctaagctgctgg- 




acttaaagtecaattactGttcaacatccctacatgctcWctcGrt^^ 
ttaatttctttEtttmgcttcttttaagtciacctctaacaatgaaattgtg^agattcaaaaataga^^ 

taaatmtmgiaacitcatagaaaaaaccgcacacaaaataccttatcaKtgrtac^^ 
gcaeg.ctg|gcc,c.ca.gacgtcaaa.c«g«ca.g«^^ 

gggaaaigtscgcg^.!^ „, atattcaacatftccetstcgcccttattcccttttttgcggcattttgGCttcctgtttttg 
tcaataatattgaaaaaggaagagtatgagtattcaacaTOCL-Bisi b . .^^^..-tceaacti^'^atctcaaca 

aafcat^acgg^ggcatsacagta^g^^na^M^^^^^ 

^gigLc.actt^c,ag«cccggc^-g«^^^^^^^ 

ggcccttccggc«g«ggtt^«g«g^~^^gj=g^^ 
gatggtaagC(^tcccgtaKgtagttatctacacgacg^asi B6 ^^^^^^^ 

a.agg.gcc.cactgattaag«ttsg^c.g^«J^^^^^ 
aggalctaggtgaagatccmrtgaa^^gacc^aKc*^^ 

aaaagatcaaaggatcttcngagatcctttttttctgcgcgtaatctgcioV-uB^a „„,„,,,™a»tactaccttaagt 

ataeccgtagttaggc6accacttcaagaactrtgtagcaccgcGtacatacctcgCTCtgccaai 
faSggfgaSafcgtgtcttaccgggttggactc^^^^^^ 

c^4gcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacag^^^^^^^ 

gcttfigaaggg^aaaggcggacaggtat^^^^ 

gggggaaacgcctggtatcmatagtcctgtcgg^cg^^^^^ 
cggagcctatsgaaaaacgccagcaacgcggcctt^ac^^^^^^ 

. atcccctgattctgtggataaccgtattaccgccmgagtgaga^^^^^ 

gtcagtgagcgaggaagcggaagagcgccc^^^^^^^^ 
cacgacaggmcccgactggaaagcgggcagtgagcgcaacgcaanaatg^S o 
ttarcmatgcttccggctcgtatgttgtgtggaattgtgagcggataaca^^^^^^^ 

ccaagcttgcatgcctgcaggtcgactaagagoatcaagagcamgaatc^^^^^^^ 
ac^agatgcactagaacaaagcgtgttggcttcctctgagcccgctttccttatatacccgcattctgc . 



ctagaaggtcctagatgcattcgtttgaaaatactcccggtgggtgcaaagagacgcagacggaaaatgtatctgg^ 

etgtacactaetmccatgtaccgaatgtgagtcgcectccttttgcaacaagcagctcgaatgtt^ 
gtataaataccgttgaaaataaalaecgaacaacatttgctrtaattgjgaaattagaaatcttc^^ 

gggattggccaaaggaccGaaaggtatgtttcgaatgatactaacataacatagaacattttcaggaggacc 
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